Object. The aims of this study were to review the clinicoradiological findings in patients who underwent decompressive surgery for proximal and distal types of muscle atrophy caused by cervical spondylosis and to discuss the outcome and techniques of surgical intervention.
P rogressive muscular atrophy of the upper extremity is suspected as a sign of a cervical spine disorder. 6, 7 In contrast to the typical features of spastic paralysis caused by cervical spondylosis or an ossified posterior longitudinal ligament, the signs and symptoms of progressive muscle weakness in the arm(s) may show an insidious onset without any preceding symptoms or senAnterior and posterior decompressive surgery for progressive amyotrophy associated with cervical spondylosis: a retrospective study of 51 patients Clinical article sory disturbances. 13, 14 Based on these features, the condition is sometimes called "cervical spondylotic amyotrophy" 7, 8, 14 or "dissociated motor loss." 12 Note, however, that the basic pathology is compression of the spinal cord segment, 6, 12 which primarily affects the motoneurons and/ or descending pyramidal tract, or the nerve root(s). Thus, the treatment of this condition is based on anterior and/or posterior decompression of the neural elements.
A diagnostic workup of amyotrophy includes EMG and nerve conduction testing, 3 segmental spinal cord evoked potentials, radiological imaging, arthrography or MR imaging to detect a rotator cuff lesion and exclude MND, and even immunological blood tests to exclude muscular dystrophy. After presentation with a cervical spine disorder, however, patients may not benefit from surgery to the extent that they regain muscle strength and daily activity utilizing the upper extremity.
In the present report we describe our limited experience with cervical spondylosis-related upper extremity amyotrophy at a single institution between 1991 and 2007 and discuss the pathophysiology, surgical interventions, and proposals for treatment.
Methods

Patient Population
Between 1991 and 2007, 864 patients underwent decompressive cervical spine surgery at our university medical center. Among these patients, 51 (5.9%) had sustained progressive muscular atrophy without distinctive sensory disturbance, and they were enrolled in the present study. The cohort included 43 men and 8 women with a mean age of 60.1 years (range 38-77 years), and the mean disease history from the subjective or objective recognition of symptoms was 12.6 months (range 0.5-36 months). None of the patients had associated disorders such as collagen disease, muscular dystrophy, entrapment neuropathy of the arm, or torn rotator cuff lesions; these conditions were excluded using needle EMG and nerve conduction velocity tests, Erb-point or wrist-stimulated MEPs, blood tests, and MR imaging studies of the shoulder joint. The percent amplitude of the MEPs difference < 50% in relation to the opposite side or resistance to conservative treatment over 3 months was considered an indication for surgery. The neurological follow-up lasted for a mean period of 2.6 years (range 0.8-9.4 years). The human ethics review committee of our university medical faculty approved the study protocol, and signed informed consent was obtained from each patient before enrollment in the study.
Assessment of Muscle Power Improvement
Patients were classified into 2 groups according to the most severely atrophic muscles: Group 1, patients were unable to or had difficulty in elevating their arms laterally (difficulty in shoulder abduction, positive armdrop sign) mainly due to paralysis of the deltoid, biceps, or supinator muscle. Patients in Group 2 were unable to or had difficulty in lifting their hands (positive wrist-drop sign) because of weak extensor carpi radialis, extensor digiti communis, and extensor pollicis brevis and longus muscles. Postoperative improvement in the muscle power for arm abduction and hand extension in these 2 groups was assessed with MMT. Any improvement in muscle strength in the most severely atrophic/impaired muscles was classified using a 4-level system: excellent, more than 2 grades of recovery or Grade 5 on MMT; good, 1 grade of recovery on MMT; fair, no improvement on MMT; and poor, worsening on MMT. Postoperative improvements in muscle power were assessed by 1 of the authors (H.N.) who was blinded to data related to surgery.
Radiological Studies
The radiological studies included plain radiographs (neutral, flexion, and extension views) and high-resolution MR images (1.5-T Signa, GE Healthcare). Cervical spondylosis was defined as the radiographic presence of osteophyte bulging ≥ 2.5 mm posteriorly with a disc height ≤ 5 mm. The radiological criteria and definition, including segmental instability, have been described in more detail in our previous publications. 13, 15 The type of spinal cord compression from a force acting from in front was classified on T2-weighted MR images and intraoperatively confirmed as a medial, paramedial, or foraminal lesion (Fig. 1) . The signal intensity change on MR images within the spinal cord parenchyma was evaluated and graded as follows: Grade I, normal intensity on both T1-and T2-weighted images; Grade II, no abnormality of intramedullary signal intensity on T1-weighted images and high intramedullary signal on T2-weighted images; or Grade III, low intramedullary signal intensity on T1-weighted and high intramedullary signal on T2-weighted images. 4, 20 
Surgical Procedures
The same senior surgeon (H.B.) performed all operations using a uniform technique. To avoid bias, the same surgeon was excluded from the postoperative evaluation of muscle power.
Anterior Decompression. The cervical spine anterior decompression procedure has been described in detail in our previous reports. 2, 13, 15, 18 Briefly, the affected discs were exposed using a left-sided anterolateral approach, and ~ 1.8-to 2.2-cm-wide vertebral resections were performed. Decompression was accomplished using a diamond bur (1-2 mm in diameter) to remove the posterior cortices of the vertebrae and endplates, herniated discs, and the deep and superficial layers of the posterior longitudinal ligament, which required a surgical microscope (OPM16CFC, Carl-Zeiss). After exposing the von Luschka joint laterally, the superior and inferior uncinate processes were bluntly drilled with a high-speed diamond bur and then resected using a custom-made micro-Kerrison rongeur (2-mm width, 1-mm thickness, Engle; Fig.  2a ). As described by Seeger, 19 during partial resection of the uncinate processes, we carefully ensured that the tip of the micro-Kerrison rongeur always slid along the posterolateral vertebral corners to clip a very small amount of the compressive osseous lesion and did not excessively introduce this tip far laterally to avoid injury to the af-fected nerve root and vertebral artery. 2, 13, 18 Surgery using the anterior approach did not result in injuries of the dura mater, nerve root, or spinal cord.
En Bloc Laminoplasty Followed by Microscopic Foraminotomy.
En bloc open-door C3-7 laminoplasty with microsurgical foraminotomy 1 was performed in selected cases with spinal canal stenosis 1, 16, 20, 21 (the anteroposterior diameter of the spinal canal measured on a lateral radiograph was ≤ 13 mm) at the levels between C-4 and C-7. After en bloc open-door C3-7 laminoplasty, the suspected nerve root(s) was decompressed using the keyhole foraminotomy technique described by Sandhu and associates. 16 An ~ 5-to 10-mm length of the foraminotomy from the medial border of the facet joint to the lateral end of the bony resection was pursued, followed by complete exposure of the nerve roots (Fig. 2b) . We did not encounter surgery-related nerve root insults during the microsurgical foraminotomy.
Statistical Analysis
All values are expressed as the means ± SD. Differences between groups were examined for statistical significance using the unpaired t-test, chi-square test, and ANOVA. A p < 0.05 was considered to represent a statistically significant difference with the Tukey post hoc analysis. All statistical analyses were conducted using SPSS software (version 15.0, SPSS, Inc.). Table 1 provides a summary of the demographic data in the patients. The most common vertebral involvement in patients in Group 1 (proximal muscle atrophy) was C4-5 followed by C5-6, C3-4, and C6-7, whereas that in Group 2 (distal muscle atrophy) was C5-6 followed by C6-7, and C4-5. Various kyphotic deformities, segmental instability, and/or a narrow spinal canal were found in 32.4% of patients (12 of 37) in Group 1 and 42.9% (6 of 14) in Group 2. Compared with patients in Group 1, those in Group 2 showed a significantly greater number of involved vertebrae causing cord compression (> 3 vertebrae in 42.9% of patients), had a longer disease history, and were more likely to have a high-intensity T2 signal on MR imaging. Table 2 shows the relationships among physical examination results, MR imaging findings, and muscle power improvement after surgery according to the lesion type. On transaxial MR imaging, the medial type of compression was found in 20 patients (12 in Group 1 and 8 in Group 2), paramedial in 22 (17 and 5, respectively), and foraminal in 9 (8 and 1, respectively). Myelopathy signs identified on physical examination were noted in 70.0, 22.7, and 0% of the medial, paramedial, and foraminal compression lesion groups. Increased signal intensity on T2-weighted MR imaging was observed in 85.0, 22.7, and 11.1%, respectively. The frequency of increased signal intensity was significantly different among the 3 types of lesions (p < 0.05), and all signal changes were Grade II. Increased signal intensity at the affected muscle segment level was observed in 52.9, 40.0, and 0% (35.7% of cases with proximal muscle atrophy and 66.7% of cases with distal muscle atrophy), respectively. Improvement in muscle power was significantly less common in patients in either Group 1 or 2 with the medial type of compression lesion (p < 0.01), as compared with patients with the paramedial and foraminal lesions. Table 3 summarizes data related to muscle power im provement. We found 62.1% of patients with proximal type of muscular atrophy attained 1 or more grades of muscle power improvement on MMT, whereas 64.3% with distal atrophy did not show even 1 grade of improvement. The duration of the disease history significantly influenced muscle power improvement in both subgroups, and there was no correlation between preoperative weakness on MMT and the longitudinal range of spinal cord compression on MR images. High signal intensity (Grade II) on T2-weighted MR images did not predict neurological outcome or muscle power improvement. The percent voltage of Erb-point or wrist-stimulated MEPs correlated with surgical outcome.
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Discussion
Cervical spondylosis often manifests with spastic tetraparesis with varying degrees of sensory dysfunction. 3, [6] [7] [8] 13, 20 Dysfunction of the pyramidal tracts located anterolaterally within the white matter of the spinal cord results in a decreased inhibitory effect on the motoneurons at each segment, which clinically manifests as exaggerated muscle tone together with positive deep tendon reflexes because of the enhanced monosynaptic or polysynaptic circuits. At the level of external compression of the spinal cord, injury of the motoneurons leads to the loss of muscle tone control in muscle groups innervated by that nerve, with the resultant manifestation of flaccid paralysis, a sign of segmental myelopathy or myeloradiculopathy. Tapping triceps and biceps brachii muscles with decreased tone may fail to activate the monosynaptic excitatory reflexes to these muscles via Group Ia fiber and instead elicits an exaggerated triceps muscle reflex through the interneurons and polysynaptic reflex pathway. This phenomenon is often seen in patients with C5-6 vertebral involvement and is sometimes called a "reversed Babinski sign." This kind of segmental sign clinically presents as difficulty in shoulder abduction and external rotation (positive arm-drop sign) or an inability to extend the hand (positive wrist-drop sign) and first finger.
Can the neuroanatomical changes explain the pathophysiology of these unique presentations? Our patients presented with minimal or absent sensory disturbance with exaggerated muscle tone below the injured segments. Crandall and Batzdorf 6 have indicated that somewhat less than 7% of patients with cervical spondylotic myelopathy present with minimal sensation loss, and this presentation was classified as a "motor system type of myelopathy." Others 7, 8, 12, 14 have suggested that such patients sustain anterior horn dysfunction or selective injury of the anterior radices of the nerve root. Electromyography studies in patients with anterior radices or nerve root injury have shown fibrillation and positive sharp waves but no fasciculation or synchronization. Fasciculation and synchronization are often significant EMG findings in patients with motoneuron injury. In our study, such EMG spikes were evident in patients with proximal or distal muscular atrophy, and thus we concluded that both the anterior horn and motor axons, and perhaps even the radices of the nerve roots, could be damaged in amyotrophy. The axillary nerve is composed of fibers from the C-5 and C-6 cord segments, located between C-4 and C-6 vertebral levels, and its motor branches supply the deltoid (from the anterior division) and teres minor (from the superior division) muscles, which are responsible for shoulder abduction and protracting or retracting the arm or raising it to the horizontal position. Paralysis of the teres minor muscle causes weakness in external rotation of the arm. Isolated C-5 nerve root palsy is also well recognized in surgery-related complications of decompression at C3-4, C4-5, and infrequently the C5-6 level. In fact, we found this type of palsy in 5 (0.6%) of 785 patients who had undergone anterior decompression at these levels and in 7 (1.3%) of 536 patients after posterior laminoplasty, but recovery of motor function to acceptable levels was noted in most of them following rehabilitation. So far, ~ 60% of patients suffering from symptoms of a positive arm-drop sign showed motor recovery of 1 or 2 grades on MMT; the finding is worse when compared with that for isolated C-5 nerve root insult in cervical spine surgery. The essential etiology of these 2 types of paralysis is obviously different so that the recovery processes differ greatly and comparison with each other is illogical, although it may be safe to conclude that in both types of paralysis, improvement in the function of muscles responsible for shoulder abduction is actually unexpected.
The wrist drop-sign is caused by palsy of the deep radial nerve innervating extensor muscle groups and the supinator, abductor pollicis longus, and extensor pollicis brevis muscles. This largest branch of the brachial plexus derives fibers from C-6, C-7, C-8, and T-1 cord segments. Paralysis of these muscle groups may be rather infrequent in the case of 1-level vertebral involvement at C5-6 through C7-T1, presumably because of multiple innervations of the radial nerve in comparison with the axillary nerve. However, the frequency of such paralysis appears to increase especially in patients with multiple vertebral involvements between C-5 and T-1. This finding suggests that such an outcome may be related to factors other than neuroanatomy, such as reduced axonal transport. 3 In the present study, patients with the distal type of muscle paralysis had an average of 2.2 involved vertebral levels that extended longitudinally, compared with patients with the proximal type of paralysis. Ten patients (71.4%) in the distal group had muscle weakness, not severe muscle atrophy, and/or neurogenic changes on EMG studies of the proximal muscles. This finding may be significant during preoperative decision-making regarding decompression levels, either anteriorly or posteriorly. Every effort must be made to establish a specific diagnosis regarding the vertebral levels responsible for the paralysis of upper extremity muscles. Unfortunately, we were unable to find any correlation between an external compressive lesion and intramedullary signal changes, but it is generally believed that a lengthy period of cord compression causes high-intensity signals in the spinal cord. 4, 20 In our study, 85% of patients with medial compression showed a T2 high-intensity area, and improvement in muscle power was worse compared with that in patients with paramedial or foraminal compression types. There was also no correlation between high-intensity signals on MR images before and poor motor recovery after decompressive surgery. The relationship between the biological activity of the spinal cord and anterior horn cells at the level of cord compression and the increased signal intensity on T2-weighted MR images remains unclear. It is very important to distinguish the pathophysiology caused by nerve root impingements from anterior horn dysfunction when making decisions on treatment strategy. The signs of myelopathy on physical examination do not necessarily mean that the mechanism of muscle atrophy is caused by anterior horn dysfunction. When there is disagreement between physical examination and MR imaging results at the affected spinal cord segment level, we must assume that the pathophysiology may be attributable to selective impingement against the nerve root regardless of the myelopathy signs on physical examination. The results of careful physical examination, MR imaging studies, and EMG studies should be comprehensively evaluated to ascertain the pathophysiology of the muscle atrophy.
Cervical spondylosis is associated with myelopathy and radiculopathy, which sometimes mimic clinical manifestations of ALS. Some patients present with both cervical spondylosis and ALS, adding a diagnostic dilemma because both diseases preferentially affect middle-aged and elderly individuals. 22 It can be difficult to distinguish the clinical manifestations during the early stages of the diseases. On physical examination, signs of posterior column involvement, such as diminished vibration sense, can rule out pure MNDs. Furthermore, electromyographic recordings of the affected atrophic muscles and muscles Surgical treatment of amyotrophy in cervical spondylosis requires urgent action. In our study, there was a close association between disease history and recovery of muscle power in both patient groups. With regard to human neuroanatomy and neural innervation of the paralyzed muscles, decompression of the spinal cord and/ or the nerve root(s) must be undertaken immediately.
Anterior decompression with or without medial foraminotomy to eliminate the anterior and/or anterolateral lesion is important, 5,9-11,17 whereas some advocate posterior laminoplasty with keyhole foraminotomy. 1, 8 To date, there appears no significant difference in postoperative neurological improvement between these 2 alternative procedures. The anterior approach is believed to provide an optimal chance of neurological recovery through the complete elimination of the cord-compressing lesion, but can be rather technically demanding when the lesion is at the foraminal entrance and at 2 or 3 vertebral levels. On the other hand, posterior decompression with keyhole foraminotomy is less technically demanding but has the disadvantage of leaving the anterior compressive lesion as is. The presence of a narrow spinal canal 1, 21 (anteroposterior diameter of canal ≤ 13 mm) increased the likelihood of a recurrence of neurological symptoms as well as adjacent-level instability after anterior fusion. Therefore, we suggest that in the absence of spinal canal narrowing, the anterior approach is indicated for a patient with lesions ventral to the cord at 1 or 2 intervertebral levels, whereas in the presence of a narrow spinal canal, posterior decompression is the choice for a lesion involving > 2 intervertebral levels. Although the surgical procedure used for amyotrophy is still controversial, we believe it does not have a significant impact on the clinical outcome. Unfortunately, however, for a 1-level intervertebral lesion in a patient with a narrow spinal canal, we cannot make a solid recommendation regarding the selection of either an anterior or a posterior approach because no clear evidence could be obtained from our investigation.
Conclusions
Surgical outcome in patients with the distal type of muscle atrophy was inferior to that in patients with the proximal type. However, even in patients with the proximal type of atrophy, a long preoperative period and medial compression of the spinal cord on MR imaging were factors correlated with low muscle power improvement. The distal type of atrophy was characterized by a long preoperative period, a greater number of cervical spine misalignments, a narrow spinal canal, and increased signal intensity on T2-weighted MR imaging. Surgical treatment, in some cases with foraminotomy, requires urgent action with regard to human neuroanatomy and neural innervation of the paralyzed muscles.
